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Abstrac t t 

Objective e 

Too study the genetic cause of infertility in a family with five infertile brothers. 

Design n 
Casee report. 

Setting g 
Centerr for reproductive medicine at a university medical center. 

Patient(s) ) 
Fivee brothers presenting with primary infertility due to severely impaired spermatogenesis, 

alsoo their parents and two other paternally related family members. 

Intervention(s) ) 
FluorescenceFluorescence In Situ Hybridisation and Sequence Family Variant analysis was performed in 

leukocytee DNA to determine the number of DAZ genes. Linkage analysis was performed for 

XX chromosome inheritance, and mitochondrial DNA (mtDNA) was screened for mutations. 

Mainn outcome measure(s) 
DAZDAZ gene copy number, X chromosome linkage, mtDNA sequence. 

Result(s) ) 
Withh conventional PCR analysis, no deletions of the AZFc region were found, but with FISH 

andd SFV analysis, only two DAZ genes instead of four were detected in all individuals tested. 

Thee five brothers did not share an identical X chromosomal locus, and no mutations were 

foundd in the mtDNA of the index patient. 

Conclusion(s) ) 
AA reduced copy number of the DAZ genes is found in five infertile brothers with severely 

impairedd spermatogenesis, as well as in their normospermic father and in two other fertile 

paternallyy related family members. This illustrates that the phenotype associated with a 

reducedd copy number of the DAZ genes can be extremely variable. 
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Partia ll  DAZ deletion s in a famil y wit h fiv e infertil e brother s 

Introductio n n 

Thee molecular aetiology of male factor subfertility due to impaired spermatogenesis is still 

unknownn in the majority of cases. Structural and numerical chromosomal abnormalities are 

foundd in approximately 4% of patients with azoo- or oligozoospermia (Tuerlings et al., 

1998). . 

Deletionss of any of the Y chromosomal regions Azoospermia Factor a, b or c (respectively, 

AZFa,AZFa, AZFb, and AZFc) are also a frequent cause of spermatogenic defects. Deletions of the 

AZFcAZFc region are most frequently found, i.e. in 2-10 % of azoospermic or severely 

oligozoospermicc men (Reijo et al., 1995,1996; Kremer et al., 1997; van der Ven et al., 1997; 

Simonii et al., 1997; Kuroda-Kawaguchi et al., 2001). The AZFc region spans 3.5 Mb and 

containss seven gene families that are all thought to be involved in spermatogenesis 

(Kuroda-Kawaguchii et al., 2001). One of these gene families is the DAZ (Deleted in 

Azoospermia)) gene family, which consists of four nearly identical copies divided into two 

clusterss with two genes each (Kuroda-Kawaguchi et al., 2001; Saxena et al., 2000). Although 

mostt deletions involve a deletion of all four DAZ genes, absence of only two of the DAZ 

geness also is associated with impaired spermatogenesis (de Vries et al., 2002; Fernandes et 

al. ,, 2002). 

Mostt cases of male factor subfertility are individual cases, and the genetic aberrations found 

aree usually de novo events. However, clustering of male subfertility in families has been 

describedd (Budde et al., 1984; Lilford et al., 1994; Meschede et al., 2000), and several case 

reportss with multiple affected family members have been published (Chaganti et al., 1979; 

Leonardd et al., 1979; Shabtai et al., 1980; Cantu et al., 1981; Rivera et al., 1984; Meschede et 

al.,, 1994; Chang et al., 1999; Saut et al., 2000; Tuerlings et al., 2002), indicating that it is a 

potentiallyy heritable condition. 

Inn this article, we present a unique family with five brothers who are infertile because of 

severelyy impaired spermatogenesis. To elucidate the genetic basis for the infertility in this 

family,, we screened all five brothers as well as their parents and two other paternally related 

familyy members for known genetic causes of impaired spermatogenesis. In addition, we 

performedd extensive analysis of the Y chromosome, X chromosomal linkage analysis, and 

mutationn analysis of the mitochondrial DNA. 
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Part ia ll  DA Z dele t ion s in a fami l y wi t h f iv e in fer t i l e brother s 

Casee repor t 

AA 38-year-old healthy man (Figure i, IV-13) and his wife visited the Fertility Center 

Middelheimm because of primary infertility for two years. Semen analysis revealed 

azoospermiaa in several semen samples. At physical examination a normal male phenotype 

wass found. Right testicular volume was 8 ml_, and left testicular volume was 10 m l Penis, 

epididymess and vasa deferentia were normal. Hormonal evaluation showed a 

hypergonadotropicc status. Bilateral testicular biopsy revealed complete absence of germ 

cellss with normal Sertoli cells and an atrophic appearance of the Leydig cells. 

Thee eldest brother of the proband (Figure l, IV-10) was also known with primary infertility 

duee to azoospermia. Therefore, we subsequently constructed a pedigree of the family 

(Figuree l) . With permission of the index patient, all brothers and additional paternally 

relatedd family members were invited to participate in the study. The index patient (Figure 1, 

IV-13),, h'S four brothers (Figure I , IV-io, IV-i6, IV-17, and IV-18), their father (Figure l, III-

13),, their mother (Figure i, III-14) and two other paternally related family members (Figure 

1,, 111-15 and IV-ig) gave their informed consent. Semen analyses were performed according 

too the World Health Organisation guidelines and morphology was determined according to 

thee strict criteria (WHO, 1992). With approval of the Institutional Review Board, blood 

sampless of all individuals included in this study were collected for DNA and leukocyte 

isolation. . 

Threee brothers of the index patient (Figure 1, IV-10, IV-16, and IV07) were azoospermia and 

semenn analyses of the youngest brother (Figure l, IV-18) showed severe oligozoospermia 

(1.88 x io6 /ml, 44% progressive motility). Sperm count of their father (Figure 1, 111-13) at age 

644 was normal (67.5 x io6 /ml, 46% progressive motility, 6% normal morphology). Semen 

analysiss of individual IV-ig was also normal (200 x io6 /ml, 50% progressive motility, 19% 

normall morphology). Individual 111-15 had undergone a vasectomy so no semen sample 

couldd be obtained. 

Alll five brothers as well as their father (Figure 1, IN-13, IV-10, IV-13, IV-i6, IV07, and IV-18) 

hadd a normal 46,XY karyotype. Routine genetic screening for Y chromosome deletions, 

CFTRCFTR mutations and for CAC repeat length of the androgen receptor (AR) showed no 

abnormalities.. For Y chromosome deletion screening the following STS markers were used: 

sY8i,, SY84, SY182, SY94, sYi02, sYii7, sYi43, sYi47, sYi52, sYi53, sYi57, SY254 (table of 

primerr sequences available on request). The paternity of the father and his five sons was 

confirmedd by haplotypic analysis of the Y chromosome using markers YAP, M9, SRY-1532 

andd 92R7 (Jobling et al., 2000, 2001). 

Thee DAZ gene copy number of all men included in the study (Figurei. IV-13, IV-10, IV-i6, IV-

17,, IV-i8, III-13, IM-15, and IV-19) was determined by analysis of sequence family variants and 

fluorescencee in situ hybridisation (FISH). Sequence family variants that distinguish the 
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separatee DAZ genes were detected by PCR analysis using markers SY587 and SY581 followed 

byy restriction enzyme digestion (Saxena et al., 2000; de Vries et al., 2002). The analysis of 

sequencee family variants showed that all men possessed only the T variant for SY581 and 

onlyy the T variant for SY587. This indicates that all men tested had only one DAZ gene cluster 

withh only DAZ3. 

FISHH was performed with DAZ specific probes on interphase nuclei and chromatin fibers. 

Cosmidd i8E8 (Genbank AC010089) encompasses the 5' portions of two neighbouring DAZ 

geness within one gene cluster. Cosmid 46A6 (Genbank AC000022) derives from the 3' 

portionn of the DAZ gene including exon 8-n. Probes were labelled with biotin ordigoxigenin, 

hybridizedd to target DNA, and detected by avidin or antodioxigenin antibodies conjugated 

too fluorochromes Cy3 (red) or fluorescein (green), respectively (Saxena et al., 2000; de Vries 

ett al., 2002). FISH on interphase nuclei confirmed the absence of one DAZ cluster in all 

individualss tested. Fiber FISH showed the presence of one normal DAZ gene cluster with 

twoo genes in head-to-head orientation. This discrepancy between sequence family variant 

analysiss and FISH has been described before and is due to polymorphism of the SY587 

markerr (de Vries et al., 2002). 

Linkagee analysis of the X chromosome of all five brothers was performed using Panel 28 of 

thee ABI Prism linkage mapping set-MDio, version 2 (Applied Biosystems, Foster City, CA). 

Haplotypee analysis using no cM spaced X chromosomal markers revealed that the five 

brotherss do not share an identical locus on their X chromosome. 

Thee mitochondrial DNA (mtDNA) genome of the proband, with the exception of the D-loop, 

wass sequenced using a direct sequencing approach as described by Thorstenson et al 

(Thorstensonn et al., 2001). Information about the primers used for sequencing is available 

att the Web site of the DNA variation group of the Stanford Genome Technology center 

(http;//insertion.stanford.edu/primers_mitogenome.html).. The sequence of the index 

patientt was compared with the revised consensus sequence (Andrews et al., 1999). Several 

sequencee variants were identified, but all of these base-pair changes represented known 

polymorphismss and no new mutations. Because of the absence of mutations in the 

proband,, no further analysis of mtDNA in additional family members was conducted. 
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Partia ll  DAZ deletion s in a famil y wit h fiv e infertil e brother s 

Discussio n n 

Untill now, a reduced copy number of the DAZ genes has only been described in individual 

casess of male factor subfertility and has never been detected in proven fertile semen donors 

(dee Vries et al., 2002). In this article, we report a unique family with five primarily infertile 

brotherss who appeared to have only one DAZ gene cluster containing two DAZ genes, 

insteadd of two clusters with two DAZ genes. Surprisingly, the father of these infertile 

brotherss also had the same DAZ constitution, but had normal sperm counts with only a 

mildd degree of teratozoospermia. Moreover, two other paternally related family members 

alsoo had a reduced copy number of the DAZ genes. One of them (Figure 1, 111-15) fathered 

aa son (Figure 1, IV-19) who had a completely normal semen analysis. 

Becausee the deletion is present in the father of the five affected brothers as well as in 

individuall 111-15, the deletion most likely originated in the first generation of the pedigree or 

earlier,, and thus must be present in the other male family members in the pedigree as well. 

Thee index patient and his four brothers are the only men with proven infertility in this family, 

whilee the other eight paternally related males are fertile. As fertility is a measure of a couple 

andd not of male gametogenesis only, we cannot exclude the presence of mild spermatogenic 

failuree in other male family members. Unfortunately we were unable to perform a semen 

analysiss in these other male family members. 

Nevertheless,, there is a striking phenotypic difference between the affected brothers and the 

threee other family members who did participate in the study, even though they all had a 

reducedd copy number of the DAZ genes. Apparently other factors contribute to the extreme 

phenotypicc differences in this family. Either the fertile males have an additional factor that 

iss not present in the five brothers, which compensates for the loss of two DAZ genes or the 

brotherss have an additional aberration that contributes to the reduced DAZ copy number 

andd results in infertility. This locus has to be shared by all five brothers but not by the other 

malee family members. 

Onee possible additional aberration could be an aberration on the X chromosome as all boys 

inheritt the X chromosome from their mother. Because of meiotic recombination during 

oogenesiss in the mother, the genetic constitution of the X chromosome differs between 

brotherss within the same family. Linkage analysis in the five infertile brothers showed that 

theyy do not share an identical locus on their X chromosome, ruling out involvement of X 

chromosomall genes in the infertility phenotype in this family. Brothers also share their 

mitochondriall genome (mtDNA) because it is inherited exclusively from the mother, but we 

weree unable to find any mutations in the mtDNA of the proband that could explain the 

infertilityy phenotype. 

Ann third possibility could be an aberration of other genes on the Y chromosome, as there 

aree many more multicopy genes on the Y chromosome that might be involved in 
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spermatogenesis.. Unfortunately, at this moment, copy numbers of these genes cannot be 

determined. . 

Thee results of this article's family study shows that a reduced copy number of the DAZ genes 

cann also be present in men with normal spermatogenesis and does not necessarily lead to 

infertility.. Consequently, partial DAZ deletions can be transmitted to the next generation 

spontaneously,, and thus they are not always de novo deletions. The observed phenotypic 

differencess in men with apparently identical deletions indicate that other factors contribute 

too impaired spermatogenesis. Furthermore, it illustrates that infertility is a complex disorder 

andd that further research is necessary to determine the exact role of genes such as the DAZ 

geness in spermatogenesis. 

Acknowledgements s 
Thee authors thank all family members who were willing to participate in this study. 

Thee authors also thank Peter Oefner, Ph.D., Stanford Genome Technology Center, Palo Alto, 

California,, for sequencing the mtDNA genome The authors also thank Saskia van Daalen, 

B.Sc,, and Cindy Korver, B.Sc, for technical help and Paola Lombardi, Ph.D., and S. Repping, 

M.Sc,, Academic Medical Center, Amsterdam, The Netherlands, for critical reading of the 

manuscript. . 

Reference s s 

Andrews,, R.M., Kubacka, I., Chinnery, P.F., Lightowlers, R.N., Turnbull, D.M. and Howell, N. (1999) Reanalysis and 

revisionn of the Cambridge reference sequence for human mitochondrial DNA. Nat. Genet., 23:147. 

Budde,, W.J., Verjaal, M., Hamerlynck, J.V. and Bobrow, M. (1984) Familial occurrence of azoospermia and extreme 

oligozoospermia.. Clinical Genetics, 26, 555-562. 

Cantu,, J.M., Rivas, F., Hemandez-Jauregui, P., Diaz, M,, Cortes-Gallegos, V., Vaca, C., et al. (1981) Meiotic arrest at 

firstt spermatocyte level: a new inherited infertility disorder. Hum. Genet., 59, 380-385. 

Chaganti,, R.S. and German, J. (1979) Human male infertility, probably genetically determined, due to defective 

meiosiss and spermatogenic arrest. Am. J. Hum. Genet., 31, 634-641. 

Chang,, P.L, Sauer, M.V. and Brown, S. (1999) Y chromosome microdeletion in a father and his four infertile sons. 

Hum.. Reprod., 14, 2689-2694. 

48 8 



Part ia ll  DA Z delet ion s in a fami l y wi t h f iv e in fer t i l e bro ther s 

Fernandes,, S., Huellen, K., Goncatves, J., Dukal, H,, Zeisler, J., Rajpert De Meyts, E., et al. (2002) High frequency 

off DAZ1/DAZ2 gene deletions in patients with severe oligozoospermia. Mol. Hum. Reprod., 8, 286-98. 

Jobling,, M.A. and Tyler-Smith, C. (2000) New uses for new haplotypes the human Y chromosome, disease and 

selection.. Trends. Genet., 16, 356-62. 

Jobling,, M.A. (2001) In the name of the father: surnames and genetics. Trends. Genet., 17, 353-357. 

Kuroda-Kawaguchi,, T„ Skaletsky, H., Brown, L.G., Minx, P.J., Cordum, H.S., Waterston, R.H., et al. {2001) The AZFc 

regionn of the Y chromosome features massive palindromes and uniform recurrent deletions in infertile men. 

Naturee genet., 29, 279-86. 

Kremer,, J.A., Tuerlings, J.H., Meuleman, E.J., Schoute, F., Mariman, E., Smeets, D.F., et al. (1997) Microdeletions 

off the Y chromosome and intracytoplasmic sperm injection: from gene to clinic. Hum. Reprod., 12, 687-691. 

Leonard,, C, Bisson, J.P. and David, G. (1979) Male sterility associated with familial translocation heterozygosity: 

t(8;i5)) (q22;pn). Arch. Androl., 2, 269-275. 

Lilford,, R., Jones, A.M., Bishop, D.T., Thornton, J. and Mueller, R. (1994) Case-control study of whether subfertility 

inn men is familial. BMJ, 309, 570-573. 

Meschede,, D., Froster, U.G., Bergmann, M. and Nieschlag, E. (1994) Familial pericentric inversion of chromosome 

11 (p34q23) and male infertility with stage specific spermatogenic arrest. J. Med. Genet., 31, 573-575. 

Meschede,, D., Lemcke, B., Behre, H.M., de Geyter, C, Nieschlag, E. and Horst, J. (2000) Clustering of male 

infertilityy in the families of couples treated with intracytoplasmic sperm injection. Hum. Reprod., 15,1604-1608. 

Reijo,, R., Lee, T.Y., Salo, P., Alagappan, R., Brown, L.G., Rosenberg, M., et al. {1995) Diverse spermatogenic defects 

inn humans caused by Y chromosome deletions encompassing a novel RNA-binding protein gene. Nat. Genet., 10, 

383-393--

Reijo,, R., Alagappan, R.K., Patrizio, P. and Page, D.C. (1996) Severe oligozoospermia resulting from deletions of 

azoospermiaa factor gene on Y chromosome. Lancet, 347, 1290-3. 

Rivera,, H., Alvarez-Arratia, M.C., Moller, M.T Diaz, M. and Cantu, J.M. (1984) Familial inv(i) (p3500q2i.3) 

associatedd with azoospermia. Hum. Genet., 66, 165-167. 

49 9 



Chapte rr  3 

Saut,, N., Terriou, P., Navarro, A., Levy, N. and Mitchell, M.J. (2000) The human Y chromosome genes BPY2, CDYi 

andd DAZ are not essential for sustained fertility. Mol. Hum. Reprod., 6, 789-793. 

Saxena,, R., de Vries, J.W., Repping, 5., Alagappan, R.K., Skaletsky, H., Brown, L.C., et al. (2000) Four DAZ genes in 

twoo clusters found in the AZFc region of the human Y chromosome. Genomics, 67, 256-267. 

Shabtai,, F., Bichacho, S. and Halbrecht, I. (1980) The fragile site on chromosome i6(q2iq22). Data on four new 

families.. Hum. Genet., 55, 19-22. 

Simoni,, M., Gromotl, J., Dworniczak, B., Rolf, C, Abshagen, K., Kamischke, A., et ai. (1997) Screening for deletions 

off the Y chromosome involving the DAZ (Deleted in Azoospermia) gene in azoospermia and severe 

oligozoospermia.. Fertil. Steril., 67, 542-7. 

Thorstenson,, Y.R., Shen, P., Tusher, V.G., Wayne, TL, Davis, R.W., Chu, G., et al. (2001) Global analysis of ATM 

polymorphismm reveals significant functional constraint. Am. J. Hum. Genet., 69, 396-412. 

Tuerlings,, J.H., de France, H.F., Hamers, A., Hordijk, R., van Hemel, J.O., Hansson, K., et al. (1998) Chromosome 

studiess in 1792 males prior to intra-cytoplasmic sperm injection: the Dutch experience. Eur. J. Hum. Genet., 6,194-200. 

Tuerlings,, J.H., van Golde, R.J.T,, Oudakker, A.R., Yntema, H.G. and Kremer, J.A.M. (2002) Familial 

oligoasthenoteratozoospermia:: evidence of autosomal dominant inheritance with sex-limited expression. Fertil. 

Steril.,, 77, 415-418. 

vann der Ven, K., Montag, M., Peschka, B., Leygraaf, j . , Schwanitz, G., Haidl, G., etal. (1997) Combined cytogenetic 

andd Y chromosome microdeletion screening in males undergoing intracytoplasmic sperm injection. Mol. Hum. 

Rep.,, 3, 699-704. 

dee Vries, J.W.A., Hoffer, M.J.V., Repping, S., Hoovers, J.M.N., Leschot, N.J. and van der Veen F. (2002) Reduced 

copyy number of DAZ genes in subfertile and infertile men. Fert. Ster., 77, 68-75. . 

dee Vries, J.W.A., Repping, S., van Daalen, S.K.M., Korver, CM., Leschot, N.J. and van der Veen, F, (2002) Clinical 

relevancee of partial AZFc deletions. Fertil. Steril., 78,1209-14. 

Worldd Health Organization. (1992) WHO Iaborat07 manual for the examination of human semen en sperm-

cervicall mucus interaction, Cambridge, New York, Oakleigh: Cambridge University Press Ed.3rd 1-107. 

50 0 






